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(54) Semiconductor laser diode 

(57) A semiconductor laser diode which can be 
applied to optical fiber amplifiers to attain a high reliability 
and can generate light having a wavelength of about 1 
urn is provided. This semiconductor laser diode is formed 
on a GaAs substrate and has an active layer comprising 
a GalnAsP strained quantum well whose energy band 
gap is smaller than that of GaAs. Barrier layers each 



comprising GalnAsP whose band gap is greater than 
that of the active layer are bonded to the active layer 
through heterojunction. According to this structure, when 
the active layer and the barrier layers are grown, the 
amounts of supply of a Ga material and an In material 
can be controlled in a simple manner and a semiconduc- 
tor laser diode having a high reliability can be realized. 
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Description 

BACKGROUND OF THE INVENTION 
$ Field of the Invention 

The present invention relates to a semiconductor laser diode used for excitation light of optical fiber amplifiers, 
optical fiber amplifier system and a method of making the laser diode. 

w Rela t ed Bac kgr ound Art 

As semiconductor laser diode technology has developed, various types of new laser diodes are proposed. Such a 
new laser diodes are described in U.S. Patent No. 5.389,396 or in the Extended Abstracts of the 54th Autumn Meeting 
of the Japan Society of Applied Physics pp. 1049, 1993. 

75 

SUMMARY OF THE INVENTION 

In optical communication, when relays with optical fiber amplifiers which can directly amplifying the signal light are 
used, longer-distance transmission and larger capacity in optical transmission systems are obtained. Er-doped optical 
20 fiber amplifiers and Pr-doped fluoride fiber amplifiers can amplify the signal light. 

In the Er-doped optical fiber amplifier, an optical fiber doped with erbium (Er) is used to amplify signal light at a 
wavelength band of 1.5 urn, while using a semiconductor laser diode having a wavelength of 1 .48 \irr\ or 0.98 urn as a 
pumping source for this amplification. The dopant in the optical fiber amplifier is excited by light of 0.98 urn semiconductor 
laser diode. 

25 In the Pr-doped fluoride fiber amplifier, an optical fiber doped with praseodymium (Pr) amplifies the signal light at a 
wavelength band of 1 .3 urn, while using a semiconductor laser diode having a wavelength of about 1 .02 fim as a pumping 
source for this amplification. 

A semiconductor laser diode with an oscillation wavelength of about 0.98 jim applied to such an optical fiber usually 
has a separate confinement heterojunction structure including a GalnAs strained quantum well active layer held between 
30 GaAs or GalnAsP barrier layers, and the structure is effective to confine carriers therein. This structure has been applied 
in order to prevent the threshold current from rising and so forth. 

Nevertheless, the reliability required for the semiconductor laser diode used for the pumping source of the optical 
fiber amplifier is higher than that required for the conventional semiconductor laser diode having the GalnAs active layer 
and, accordingly, a semiconductor laser diode having a higher reliability is demanded as a pumping source. 
35 An object of the present invention is to provide a semiconductor laser diode which can be applied to optical fiber 
amplifiers to attain a high reliability and can generate light having a wavelength of about 1 urn. A method of making such 
a semiconductor laser diode is provided also. 

The present invention provides a semiconductor laser diode, which has a GaAs substrate and an active layer formed 
on the substrate. The active layer is comprised of a GalnAsP strained quantum well layer whose energy band gap is 
40 smaller than that of GaAs. 

In one aspect, the active layer comprising the GalnAsP strained quantum well has a structure in which a barrier 
layer comprising GalnAsP whose energy band gap is greater than that of the active layer is formed with heterojunction. 

In one aspect, the active layer and the barrier layer have substantially the same composition ratio of Ga:ln. 

In one aspect, the barrier layer has such a structure that receives, in close proximity to the active layer, a compression 
45 strain which is smaller than that applied to the active layer. 

In one aspect, a semiconductor window layer whose energy band gap is greater than that of the active layer is grown 
on an end surface. 

In one aspect, the oscillation wavelength of the semiconductor laser diode at room temperature is set not shorter 
than 0.96 \im. 

so In one aspect, the semiconductor laser diode is made in such a manner that, when the active layer and the barrier 

layer are grown, a Ga material and an In material are supplied with constant amounts so that both layers have substan- 
tially the same composition ratio of Ga:ln. 

In one aspect, a portion including said barrier layer and active layer is grown while being held between cladding 
layers. This portion and the cladding layers are formed by a material containing P. 

55 In one aspect, the semiconductor laser diode is made in such a manner that, when the active layer, the barrier layer, 
and the cladding layer are grown, a Ga material and an In material are supplied with constant amounts so that all these 
layers have substantially the same composition ratio of Ga:ln. 

In the semiconductor laser diode in accordance with the present invention, in comparison to the case where GalnAs 
is used as an active layer, the amount of strain becomes greater at the same oscillation wavelength, thereby enabling 
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its characteristics to improve due to the strain. This effect becomes greater when the oscillation wavelength is not shorter 
than 0.96 urn. Also, since each of the active and barrier layers contains P. defects hardly occur at their interfaces during 
manufacture. Accordingly, the defects can be reduced. Further, since GalnAsP has a carrier-recombining velocity at its 
interface with a silicon nitride film (coating layer) or the like slower than that of GalnAs, reliability can be improved when 

5 an end-surface coating is effected. 

When an active layer is grown as GalnAs having a thickness of about 80 angstroms and then, with its Ga:ln com- 
position ratio, a GalnAsP barrier layer is grown such that its lattice matches that of a substrate, the energy band gap of 
the barrier layer becomes so small that the original function (effect) of the barrier may be reduced. On the other hand, 
when the GalnAsP active layer of the present invention is applied, the energy band gap of the GalnAsP barrier layer 

10 can become large even when the Ga:in composition ratio is made constant. When the compositions of Ga and In in the 
active layer can be substantially the same as those of the barrier layers, the amounts of supply of Ga and In can be 
maintained at their constant levels. Accordingly, advantageous effects can be obtained in the manufacture in that man- 
ufacturing steps can be simplified and so forth. 

The present invention will be more fully understood from the detailed description given hereinbelow and the accom- 

75 panying drawings, which are given by way of illustration only and are not to be considered as limiting the present invention. 
Further scope of applicability of the present invention will become apparent from the detailed description given 
hereinafter. However, it should be understood that the detailed description and specific examples, while indicating pre- 
ferred embodiments of the invention, are given by way of illustration only, since various changes and modifications within 
the spirit and scope of the invention will be apparent to those skilled in the art from this detailed description. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A is a vertical sectional view showing the structure of the semiconductor laser diode in accordance with the 
first embodiment of the present invention; 
25 Figs. 1 B and 1 C are explanatory views showing profiles of energy band gaps in essential parts of the semiconductor 
laser diode of Fig. 1 A in accordance with the first embodiment; 

Fig. 2 is a chart comparing the characteristics of the semiconductor laser diode in accordance with the first embod- 
iment with those of a semiconductor laser diode having GalnAs active layer; 

Fig. 3 is an explanatory view showing an example of the method of making the semiconductor laser diode in accord- 
. 30 ance with the first embodiment; 

Fig. 4 is an explanatory view showing the structure of the semiconductor laser diode in accordance with the second 
embodiment of the present invention with reference to a profile of energy band gaps in essential parts thereof; 
Fig. 5 is an explanatory view showing an example of making the semiconductor laser diode in accordance with the 
second embodiment; 

35 Fig. 6 is a flow chart showing the steps in the method of making the semiconductor laser diode in accordance with 
the third embodiment of the present invention; and 

Figs. 7A - 7C are explanatory views showing the device structures according to the flow chart of Fig. 6. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

The structure of the semiconductor laser diode and method of making the same in accordance with the first embod- 
iment of the present invention will be explained with reference to Figs. 1 A - 3. 

Fig. 1 A shows a cross-sectional structure of the semiconductor laser diode in which a direction perpendicular to the 
cleavage plane of the crystal is indicated as perpendicular direction z, a direction in which each semiconductor layer is 
45 superposed is indicated as vertical direction x. and a direction perpendicular to the xy directions is indicated as parallel 
direction y. 

An n-type cladding layer 2 having a thickness of about 2 *im is grown on an n-type GaAs substrate 1 . An active layer 
4 is sandwiched between af irst barrier layer 3 and a second barrier layer 5, and these layers are grown on the n-type 
cladding layer 2. A compressive stress is applied to the active layer 4. 
so A p-type cladding layer 6, an n-type current-blocking layer 10, a p-type GalnAsP buffer layer 7a, a p-type GaAs 
contact layer 7b and a p-type electrode layer 8 are successively formed. 

On the back surface of the semiconductor substrate 1 , an n-type electrode layer 9 is mounted. Though not depicted, 
the p-type GaAs contact layer 7b and the p-type electrode layer 8 are not formed within the range of about 20 urn from 
the periphery of the device of Fig. 1 A. 
55 When a part of the p-type GaAs contact layer 7b and p-type electrode layer 8 is removed in this manner, excitation 
current is prevented from flowing at the end surfaces of the device. 

The n-type cladding layer 2 and the p-type cladding layer 6 are composed of AIGalnP. The p-type cladding layer 6 
has a flat portion having a thickness of about 0.4 \im which is grown on the second barrier layer 5 as well as a mesa 
stripe portion having a thickness of about 2 ^m and a width of about 1 .5 nm. The rest of this layer is removed by pho- 
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tolithography and chemical etching and then the current blocking layer 10 composed of n-AIGalnP, whose crystal has 
grown again, is formed thereon. 

Each of the first and second barrier layers 3. 5 comprises GalnAsf**and is grown to a layer thickness of about 340 
angstroms. The active layer 4 comprises GalnAsP and is grown to a layer thickness of about 80 angstroms. The other 

s layers are grown by the conventionally-known methods. 

The first and second barrier layers 3, 5 and the active layer 4 are grown in the growth conditions shown in the 
following table I. For comparison, the growth conditions for the GalnAs active layer to obtain an oscillation wavelength 
of 0.98 \im are also shown as "(Reference)." 

According to the growth conditions shown in the following table I. the flow rates of TEGa (triethyl gallium) and TMIn 

io (trimethyl indium) supplied from bubblers when the barrier layers 3. 5 are grown are controlled to the same amounts as 
those supplied when the active layer 4 is grown. On the other hand, the flow rates of ASH3 and PH 3 when the barrier 
layers 3. 5 are grown are controlled differently from those supplied when the active layer 4 is grown. Predetermined 
growth times are set such that the thicknesses Wi. w 2 of the barrier layers 3. 5 are about 340 angstroms and the thickness 
d of the active layer 4 is about 80 angstroms. Also, the As:P composition ratio of the barrier layers 3. 5 are made different 

is from that of the active layer 4. When these growth conditions are applied, an oscillation wavelength of about 0.98 \im 
can be obtained while the barrier layers 3. 5 have a energy band gap E g1 which is greater than the energy hand gap 
E g2 of the active layer 4 as shown in Fig. 1 B on an enlarged scale . Accordingly, the carrier-confining efficiency can be 
improved. 



TABLE I 





Flow rate of material (cc/m) 


Growth 
time (sec) 


Thickness (A) 




TEGa (20°C) 


TMIn (20°C) 


AsH 3 (10%) 


PH 3 (20%) 






GalnAsP barrier 
layer 


50 


40 


60 


500 


115.6 


340 


GalnAsP well 
layer 


50 


40 


300 


200 


27.8 


80 


(Reference) 
GalnAs well layer 


50 


25 


300 


0 


29.8 


80 



35 Since the GalnAs active layer shown in the above table I as "(Reference)" does not contain P in the active layer, its 

condition for controlling the flow rate of TMIn differs from that of this embodiment. 

Also, as shown in Fig. iCon an enlarged scale, the barrier layers 3, 5 may have such a composition that receives, 
in close proximity to the active layer 4, a compression strain which is smaller than that applied to the active layer 4. In 
this composition, the close proximity portion can act as a strain-relieving layer which reduces the generation of defects 

40 resulting from the strain. Though a composition whose lattice can match that of the substrate is preferable in the proximity 
portion of the barrier layers 3, 5 in general, a part of the barrier layers 3, 5 may h«ve such a composition that receives 
tensile strain so as to compensate for accumulated strain. Such a strain compensation is especially effective in cases 
where there are multiple quantum wells. While the strain-relieving layers are preferably placed on both sides of the active 
layer 4 as depicted, the above-mentioned effect can also be obtained when the strain-relieving layer is disposed on one 

45 side thereof alone. 

In the semiconductor laser diode having the above-mentioned structure in accordance with this embodiment of the 
present invention, the following effects can further be obtained. 

In general, when a material belonging to the V group is grown by AsH 3 and PH 3 in the process for making a semi- 
conductor laser diode, their flow rates can be controlled relatively easily since they are gases and their flow rates to be 
so supplied are large. On the other hand, when a material belonging to the III group is grown by TEGa and TMIn. they have 
to turn into gases by bubbling since they are intrinsically liquids. Accordingly, it is difficult to control their flow rates. 
Further, since their flow rates are set to small values, it takes a long time for the flow rates to be stabilized after being 
changed. 

Therefore, as in the case of the prior art indicated as "(Reference)" in the above table I, when the flow rates of TEGa 
55 and TMIn have to be controlled by being switched between when the barrier layer is grown and when the active layer is 
grown, a long interval (interruption) is necessary for stabilizing the flow rates and thus the layers cannot be manufactured 
rapidly. 

As shown in the above table I. on the other hand, in order to realize the thicknesses and compositions of the barrier 
layers 3. 5 and the active layer 4 for obtaining a desired oscillation wavelength in the structure in accordance with this 
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The composition ratio, the carrier concentration and the thickness of each layer are shown in table II. 

TABLE II 







1 . material 


1 . conduction 


1 . thick- 


10 






type 

2 . dopant 


ness :d 
(nm) 






') romDQS It - 


3 .carrier 


2 - range 


15 




ion ratio 






20 




3 . range 

4 . energy 
band gap : Eg 


at room temp . 
( cm J ) : n 
4 . range 
















substrate 1 


1 . Ga„As y 


1 . n-type 


1 - 






2 . X=l , Y=l 


2 . Si 


d=70xl0 3 


30 




4. Eg=l . 47eV 


3 -n = 2xl0 16 

1 R 

4 . 1x10 <n<4x 


2 . 

S0xl0 3 <d 


35 






10" 


<120xlO J 




cladding layer 2 


1 . (Al A Ga,.J 


1 . n- type 


1 - 






o % In 0 5 P 


2 . Si 


d=2xl0 3 


40 




2 .X=0 


3 .n=lxlO ia 


2 . 






3 . 0<x<l 


4 . 

lxl0 ,: <n 


lxl0 3 £df£ 
2 . 5xl0 3 


45 






<2xl0 l * 





50 



55 
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barrier layer 3 


1 . GalnAsP 


1 . n or p-type 


1 . 


5 




4 . Eg ( bar r i 


2.undoped / Si 


d*34 






fir layer 3 ) 


/-\ r* 7 n 
U L 1 1 


2 . 






< Eg (act. i ve 


3 .n=5xl0 K ' 


20<d£200 


10 




layer 4 ) 


4 . n< lxlO 17 




15 










active layer 4 


1 . GalnAsP 


1 . n or p-type 


1 . 






4 .Eg<l .47 


2 .undoped, Si 


d=8 


20 






or 2n 


2 . 








3 .n=5xicr° 


2<d<15, 








4 .n<lxl0 1 ' 


( d < 


25 


















thick 










-ness ) 


30 












barrier layer 5 


1 . GalnAsP 


1 . n or p-type 


1 . 


35 




4 . Eg ( bar r i 


2. undoped, Si 


d=34 






<2 L lay ci ~> / 


or Zn 


2 . 






<Eg ( active 


3 ,n = 5xl0 ,c 


20<d<200 


40 




layer 4) 


4 .n< lxlO 17 

-V 





45 



50 



7 
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10 



15 



20 



25 



current-blocking 


1. ( Al.Ga,. 


1 . n- type 


1 . 


layer 10 


m„.,p 


2 . Si 


d= 




2 . X - 0 . 2 


3 . n=5xlO J7 


1 . 6x10* 




3 . 0<X<1 


4 . 


2. 






Ixl0 ir <n 


0.2xlO J 






<2xl0 ,ft 


<d<2xl0* 


coating layer 13 


l.GaAs or 


1 . n or p-type 


1 . 




Ga o .Jn 0 ;,P 


2 . undoped, .Si 


d= 






or Zn 


0 . lxlO 3 






3 .n=5xl0 16 ' 


2 . 






4 . n<lxlO u 


0 . OSxlO* 








<d<3xl0 3 



In the following, the second embodiment of the present invention will be explained with reference to Figs. 4 and 5. 
In this embodiment the composition ratio of a part of the cladding layers 2, 6 shown in Fig. 1A is changed so as to 
generate an energy band gap E g shown in Fig. 4, while the rest of layer structure (the first and second barrier layers 3. 

35 5 and the active layer 4, in particular) are the same as those of the first embodiment. 

Namely, the main portion of the cladding layers 2, 6 is composed of (Al 0 .iGao.9)o.5 ln o.5 p . while (Al 0 .9Ga 0 .i)o.57l n o.43 p »s 
grown in a part of the cladding layer 2 so as to realize a wide energy band yap E g . Since such a wide energy band gap 
is set, carriers in the active layer 4 are prevented from overflowing. Also, since the In composition in this part of the layer 
is set low to receive tensile strain, the barrier effect with respect to the carriers is increased. 

40 Further, since this part of the layer does not directly contact with the active layer 4 but the same energy band gap 

as that in the rest of the cladding layer 2 is interposed therebetween, carrier loss is prevented. 

Fig. 5 shows the configuration of an apparatus for making the semiconductor laser diode having the structure 
explained above. The systems for supplying AsH 3 and PH 3 are not depicted in this drawing. This apparatus has a first 
bubbler 1. which applies OMVPE and is used for growing the cladding layers 2, 6 containing Al, and a second bubbler 

45 12, which is independent from the first bubbler 1 1 and used for growing the first and second barrier layers 3, 5 and active 
layer 4 containing no Al. 

By way of a switching device 13. the bubblers 1 1. 12 are piped to a reactor 15. Also, a bypass pipe 14 is connected 
to the switching device 13. Exhaust is discharged at the ends of the reactor 15 and bypass pipe 14. 

In the first place, in order to grow the cladding layer 2, the switching device 13 is switched so as to connect the first 
so bubbler 1 1 to the reactor 15 while disconnecting the second bubbler 12. The cladding layer 2 containing Al shown in 
Fig. 4 is thus grown. Then, the second bubbler 12 is connected to the reactor 15 while disconnecting the first bubbler 
1 1 . The first and second barrier layers 3. 5 and active layer 4 containing no Al shown in Fig. 4 are thus grown. 

Thereafter, the switching device 13 is switched so as to connect the first bubbler 1 1 to the reactor 1 5 while discon- 
necting the second bubbler 12. The cladding layer 6 containing Al shown in Fig. 4 is thus grown. The rest of the layers 
55 are grown by the conventional OMVPE method. 

Since the two systems of the first and second bubblers 11,12 are switched by the switching device 13, the flow rate 
of each material can be controlled more accurately than the case where a single bubbler system is applied so as to 
attain the same object. 
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When an active layer is grown as GalnAs having a thickness of about 80 angstroms and then, with its Ga:In com- 
position ratio, a GalnAsP barrier layer is grown such that its lattice matches that of a substrate, the energy band gap of 
the barrier layer becomes so small that the original effect of the barrier may be reduced. 

On the other hand, when the GalnAsP active layer of the present invention is applied, the energy band gap of the 
GalnAsP barrier layer can become large even when the Ga:ln composition ratio is made constant. When the composi- 
tions of Ga and In in the active and barrier layers can be made substantially the same, the amounts of supply of Ga and 
In can be maintained at constant levels. . 

Accordingly, advantageous effects can be obtained in the manufacture in that manufacturing steps can be simplified 

and so forth. 

From the invention thus described, it will be obvious that the invention may be varied in many ways. Such variations 
are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended for inclusion within the scope of the following claims. 

The basic Japanese Application No. 210097/1994 (6-210097) filed on September 2, 1994, is hereby incorporated 
by reference. * 

Claims 

1 . A semiconductor laser diode comprising: 

a substrate of GaAs; and 

an active layer formed on said substrate, having a GalnAsP strained quantum well whose energy band gap 
is smaller than that of GaAs. 

2. A semiconductor laser diode according to claim 1 , further comprising a barrier layer of GalnAsP whose energy band 
gap is greater than that of said active layer. 

3. A semiconductor laser diode according to claim 2, wherein said active layer and said barrier layer have the same 
composition ratio of Ga to In. 

4/ A semiconductor laser diode according to claim 3, wherein said barrier layer has such a structure that receives, in 
close proximity to said active layer, a compressive strain which is smaller than that applied to said active layer. 

5. A semiconductor laser diode according to claim 1 , further comprising a pair of cladding layers which sandwich a 
portion including said barrier layer and active layer, wherein said portion and said cladding layers are comprised of 
material containing P. 

6. A semiconductor laser diode according to claim 1 , further comprising a semiconductor window layer provided on a 
cleavage plane of said active layer, wherein the energy band gap of said semiconductor window layer is greater 
than that of said active layer. 

7. A semiconductor laser diode according to claim 1 , wherein said semiconductor laser diode has an oscillation wave- 
length at room temperature set not shorter than 0.96 urn. 

8. A method of making a semiconductor laser diode, comprising the steps of: 

forming a cladding layer on a GaAs substrate; 

supplying Ga and In on said cladding layer with a first ratio of Ga to In to form a barrier layer on said cladding 
layer: and 

supplying Ga and In on said barrier layer with said first ratio to form an active layer on said barrier layer. 
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Fig. 2 
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Fig. 6 
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on a GaAs substrate and has an active layer comprising 
a GalnAsP strained quantum well whose energy band 
gap is smaller than that of GaAs. Barrier layers each 
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comprising GalnAsP whose band gap is greater than 
that of the active layer are bonded to the active layer 
through heterojunction. According to this structure, when 
the active layer and the barrier layers are grown, the 
amounts of supply of a Ga material and an In material 
can be controlled in a simple manner and a semiconduc- 
tor laser diode having a high reliability can be realized. 
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1. Claims 1-7: A semiconductor laserdiode on a GaAs substrate 

having a strained InGaAsP quantum well active 
layer with a bandgap smaller than that of GaAs 

2. Claim 8 : A method of making a semiconductor laserdiode 

having in different layers the same ratio 
of In to Ga 
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